Abstract. Tuberculosis (TB) is a globally prevalent infectious disease. The mechanisms of latent TB infection (LTBI) remain to be fully elucidated and may provide novel approaches for diagnosis. As therapeutic targets and molecular diagnostic markers, microRNAs (miRs) have been studied and utilized in various diseases. In the present study, the differentially expressed miRs (DEMs) in LTBI were screened and analyzed to determine the underlying mechanisms and identify potential biomarkers, thereby contributing to the diagnosis of LTBI. The GSE25435 and GSE29190 datasets from Gene Expression Omnibus were selected for analysis. The 2 datasets were analyzed individually using the Bioconductor package to screen the DEMs with specific cut-off criteria [P<0.01 and |log (fold change)|≥1]. Target gene prediction and interaction network construction were performed using Targetscan, the Search Tool for the Retrieval of Interacting Genes and Proteins and Cytoscape individually, and were merged using the latter tool. The hub genes were finally selected based on their degree of connectivity (DC). Gene Ontology and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses were performed using the KEGG and GENCLIP. A total of 144 DEMs were identified from the 2 datasets. By exploring the overlapping miRs in the two datasets, Homo sapiens (hsa)-miR-29a and hsa-miR-15b were identified to be decreased, while hsa-miR-576-5p, hsa-miR-500 and hsa-miR-155 were identified to be upregulated. hsa-miR-500a-3p and hsa-miR-29a-3p, as well as 4 genes, namely cell division cycle (CDC)42, actin α1, skeletal muscle (ACTA1), phosphatase and tensin homolog (PTEN) and fos proto-oncogene (FOS), were selected as the key factors in this regulatory network. A total of 9 signaling pathways, including phosphoinositide-3 kinase (PI3K)/AKT and 11 biological processes, were identified to be associated with LTBI. In conclusion, the present analysis identified hsa-miR-500a-3p and hsa-miR-29a-3p, as well as CDC42, ACTA1, PTEN and FOS, as the most promising biomarkers and therapeutic candidates for LTBI. The PI3K/AKT signaling pathway is the key signaling pathway implicated in LTBI, and an in-depth investigation of the efficiency of PI3K/AKT signaling inhibitors may be used to prevent a chronic state of infection in LTBI.
Introduction
Tuberculosis (TB) is a global infectious disease caused by infection with the pathogen Mycobacterium tuberculosis (MTB) and poses a serious risk to human health. It is a contagious disease that spreads by inhalation of bacteria contained in the breath of an infected individual. China ranks second out of the countries with a high TB burden. According to the 2017 World Health Organization (WHO) global TB report (1), TB is the ninth most lethal disease in the world and ranks first among infectious diseases, with a mortality rate much higher than that of acquired immune deficiency syndrome. Latent TB infection (LTBI) is defined as a state of persistent immune response to stimulation by MTB antigens with no evidence of any clinical manifestations of active TB (2) . Within the population of individuals with LTBI, most cases remain asymptomatic and are not contagious; however, 5-10% of those who are infected progress to active TB disease and become contagious (2, 3) . LTBI is a continuum between self-healed and asymptomatic (4) . At present, there are no unified diagnostic criteria for LTBI. The current method used is the tuberculin skin test (TST) and interferon-γ release assay (IGRA), however both have certain limitations, which include poor specificity and high cost of diagnosis, as well as being complex techniques (5) (6) (7) (8) . At present, the WHO recommends the use of the IGRA to detect LTBI in middle-and high-income countries with greater resources (9) , while the TST is recommended in countries with limited resources. Therefore, it is necessary to develop a rapid, low-cost, non-invasive and efficient diagnostic method for the prevention and control of TB. MicroRNAs (miRs) are a class of non-coding RNAs composed of 21-23 nucleotides, which are not translated into proteins. They are cut from precursor miRs with 6,070 nucleotides and a hairpin structure. The major function of miRs is to regulate gene expression at the post-transcriptional level, primarily by binding to the 3'-untranslated region of the mRNAs of their target genes to degrade the mRNA or inhibit its translation, thus inhibiting the expression of the target genes (10) . When disease occurs, the specific miRs of the lesion organs may be released into the blood. In numerous diseases, the miR content in the blood is significantly different from that of healthy individuals (11) . To date, miRs as molecular diagnostic markers have been studied and applied in cancer, diabetes, psychiatric disorders, heart disease and various infectious diseases (12) (13) (14) (15) (16) . More recent evidence suggests the use of miRs as biomarkers for LTBI. However, compared with the well-known role of certain miRs in cancer, the biological functions and diagnostic utility of miRs in LTBI remain largely elusive. Wu et al (17) identified that the expression of Homo sapiens (hsa)-miR-142-3p and hsa-miR-21-5p was enhanced in the peripheral blood samples from patients with LTBI compared with patients with TB. Meng et al (18) indicated that miR-93-3p is a potential diagnostic marker for distinguishing LTBI from active TB. Using bioinformatics to further analyze gene expression data, the present study unveiled certain characteristics and mechanisms involved in TB latency, which may provide a theoretical basis for the early diagnosis and treatment of, and experimental research into TB (19) , and may serve as a reference for further investigation of molecular events indicative of LTBI.
In previous decades, microarray analysis has been frequently used to identify candidate biomarkers and therapeutic targets by studying changes in non-coding RNA and gene expression profiles at a genome-wide scale (20) . A previous study on diagnosing latent TB infection identified dysregulated miRs and associated pathways of LTBI (21) . However, only a small number of miRs have been identified to be significantly differentially expressed between patients with and without LTBI. Due to these discordant results, the reliability of these data for further development into useful clinical diagnostic biomarkers and therapeutic targets for TB is limited. It has been well recognized that small sample sizes, different microarray platforms and different statistical methods are among the limiting factors contributing to the discordant results. To overcome this limitation, meta-analysis represents a powerful approach to combine datasets from different studies to improve the reliability and generalizability of the results by increasing the statistical power. Meta-analysis of gene expression data or non-coding RNA profiles has yielded novel biological insight, and has identified more robust and reliable candidate biomarkers and therapeutic targets.
In the present study, to increase the understanding of latent TB infection, the GSE25435 and GSE29190 datasets were downloaded from the GEO database and analyzed using R tools for differentially expressed miRs (DEMs). The regulatory network of these DEMs and their target genes was constructed to explore the potential regulatory interactions involved in LTBI. Enrichment analysis of these target genes in Gene Ontology (GO) terms in the category biological process (BP), molecular function (MF), cellular component (CC) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways was performed for further identification of LTBI-associated pathways and molecular mechanisms.
Materials and methods
Selection of microarray datasets. To retrieve suitable LTBI-associated miR profiling data for the meta-analysis, a web-based search in the Gene Expression Omnibus database (GEO; http://www.ncbi.nlm.nih.gov/geo) and ArrayExpress (http://www.ebi.ac.uk/arrayexpress) database was performed using the key words 'latent TB infection' and 'microRNA'. In total, 5 array datasets were identified in the GEO and ArrayExpress databases. The datasets were manually reviewed and only those fulfilling the following criteria were included for further analysis: i) miR expression profiling by array; and ii) paired samples from patients with and without LTBI. Finally, a total of 2 datasets, GSE25435 and GSE29190, were selected for analysis. miR expression data of peripheral blood mononuclear cells (PBMCs) from 6 donors with LTBI and 3 healthy controls are included in GSE29190. GSE25435 contains miR expression data from PBMCs of 3 donors with LTBI and 3 healthy controls.
Screening of DEMs. The 2 datasets were analyzed individually by using the Bioconductor package to screen the DEMs with specific cut-off criteria [P<0.01 and |log fold change (FC)|≥1] (22) . Paired samples t-tests and the FC method were used to obtain DEMs. The DEMs of the 2 datasets were then uploaded to the online VENN tool (http://bioinformatics.psb. ugent.be/webtools/Venn/) to identify the overlapping miRs (23) .
Target gene prediction and network construction. The prediction of target genes of different miRs was performed by using TargetScan (http://www.targetscan.org/vert_71) (24) . A cumulative weighted context++ score online >-0.5 was set as the standard for screening target genes, as previously described (24). The target genes were then uploaded to the online database Search Tool for the Retrieval of Interacting Genes and Proteins (STRING; string-db.org) (25) to obtain the interaction information for these target genes. The miR targeting data and target gene interaction data were imported to Cytoscape, which was used to visualize and merge networks. The key factors were finally selected based on their DC (26, 27) .
GO and KEGG pathway analysis. Pathway enrichment analysis was performed using KEGG, a collection of databases on genomes, biological pathways, diseases, drugs and chemical substances (28) . Target genes identified in the abovementioned analysis were uploaded to GENCLIP (ci.smu.edu. cn/GenCLiP2/analysis.php) to perform the GO enrichment analysis in the categories BP, CC and MF, and P<0.01 was set as the cut-off criterion (29) .
Results
Individual microarray data analysis of DEMs. To identify DEMs in patients with LTBI vs. healthy individuals, P<0.01 and |logFC|≥1 were set as cut-off criteria when screening the miR array profiles. A total of 107 miRs, including 44 downregulated and 63 upregulated miRs, were identified to be dysregulated in the GSE25435 dataset (Table I ). The GSE29190 dataset was also analyzed, revealing only 37 DEMs, including 24 downregulated and 13 upregulated miRs (Table II) . The clustering heatmap analysis of these two datasets indicated a highly significant difference between LTBI and normal patients, meriting further analysis (Fig. 1) .
Meta-analysis of the dysregulated miRs provides 5 hub miRs.
Due to the limitations of the analyses of the individual datasets, the overlapping miRs between the two datasets were selected for the analysis of hub miRs. By Venn diagram analysis, hsa-miR-29a and hsa-miR-15b were identified as being downregulated in the two datasets ( Fig. 2A) , while hsa-miR-576-5p, hsa-miR-500 and hsa-miR-155 were identified as being upregulated (Fig. 2B) .
Construction of the molecular network provides complex regulatory interactions.
The target genes of the abovementioned miRs were assessed using the online tool Targetscan with a pre-defined standard. A total of 216 potential target genes were identified in the present analysis and they are listed in Table III . To illustrated the direct regulatory associations between the hub miRs and their target genes, as well as interactions of these target genes, the network of these factors was constructed using Cytoscape. A complex regulatory network was obtained, suggesting that dysregulation of miRs during LTBI may cause a widespread dysregulation in gene expression. In addition, dysregulation of miRs during LTBI may lead to functional disorders via signaling pathways or BPs. By exploring the regulatory network, the key miRs and genes may be selected based on the DC in the network. A total of 2 miRs, namely hsa-miR-500a-3p (degree, 54) and hsa-miR-29a-3p (degree, 77), as well as 4 genes, namely cell division cycle (CDC)42 (degree, 21), actin α1, skeletal muscle (ACTA1; degree, 21), phosphatase and tensin homolog (PTEN; degree, 21) and FOS (degree, 21), were selected as the core factors that may have principal roles in LTBI (Fig. 3) .
Functional and pathway analysis. To investigate the signaling pathways that are potential associated with LTBI, the target genes were subjected to KEGG pathway enrichment analysis. A total of 9 pathways were enriched by the target genes (Fig. 4) , including 'protein digestion and absorption', 'extracellular matrix-receptor interaction' and 'phosphoinositide-3 kinase (PI3K)/AKT signaling pathway'. In addition, inclusion of small cell lung cancer pathways in the present analysis indicated that LTBI may be associated with the development of small cell lung cancer. The 185 target genes were subsequently subjected to GO term enrichment analysis which revealed that 90 target genes were enriched in the following pathways: 'Structural molecule activity', 'cardiovascular system development', 'organ morphogenesis', 'negative regulation of nitrogen compound metabolic process' with ≥15 target genes enriched in several of these functional pathways, the most relevant of which were the 'cardiovascular system development' and 'circulatory system development' (Fig. 5) . 
Discussion
The incomplete understanding of the underlying mechanisms and deficiencies in the diagnosis and treatment make it difficult to prevent and cure LTBI. Various host factors are included in this complex process. In the present study, miRs, a type of non-coding RNAs, were the focus, as they have been applied in multiple fields of life science and medicine. Microarray analysis has been widely used to investigate DEMs, dysregulated genes and pathways associated with LTBI (21, 30, 31) . In previous decades, a large amount of research investigating this matter has emerged (18, (32) (33) (34) ; however, identifying novel miRs can be used to investigate further the underlying mechanism of LTBI. Thus, in the present study, expression data obtained from patients with and without LTBI were subjected to a bioinformatics analysis to provide more reliable data. In the analysis of the present study, 2 datasets were included. A total of 144 DEMs were identified from these 2 datasets. By exploring the overlapping miRs in the two datasets, hsa-miR-29a and hsa-miR-15b were identified as being decreased, while hsa-miR-576-5p, hsa-miR-500 and hsa-miR-155 were identified to be upregulated. Of note, miR-29a was previously reported to be significantly decreased in patients with LTBI (35, 36) . miRs encoded by the miR-15b/16-2 cluster may act as tumor suppressors. Aberrant regulation of miR-15b in human cancers reportedly has an important role in cancer development, contributing to reduced proliferation, cell death, angiogenesis and metabolic reprogramming and metastasis resistance, as well as tumor-associated inflammation and genomic instability (37) . miR-576 is directly targeted by hepatitis B virus-encoded X protein (38) . miR-155 and miR-500 were reported as potential markers of aflatoxin exposure (39) , which suggests that miRs may be used as potential biomarkers for the diagnosis of LTBI. However, the possible association of hsa-miR-15b, hsa-miR-576-5p, hsa-miR-500 and hsa-miR-155 with LTBI identified in the present analysis remains to be verified.
To gain a broad understanding of the effects of miRs in LTBI, the target genes of the 5 abovementioned DEMs were predicted. By merging the miR regulatory network and protein-protein interaction network, a degree of crosstalk among these miRs via cancer-associated genes, including FOS, ACTA1, CDC42 and PTEN, was identified (40) (41) (42) (43) . In the current study, pathways associated with small cell lung cancer also appeared in the KEGG pathway analysis, which suggests that LTBI may participate in the development of small cell lung cancer. By exploring the topological structure of the interaction network, it was revealed that hsa-miR-500a-3p and hsa-miR-29a-3p, as well as the 4 genes CDC42, ACTA1, PTEN and FOS, have essential roles in this regulatory network. These miRs and genes may be core factors in the diagnosis of LTBI.
To determine the molecular mechanisms underlying the LTBI process, GO term and KEGG pathway analysis were included in the present study to perform a comprehensive analysis of the roles of the key miRs and genes. In the KEGG pathway enrichment analysis, 'PI3K/AKT signaling pathway' appeared to be the most enriched pathway with the largest number of enriched genes. The PI3K/AKT signaling pathway, including its downstream pathway, mammalian target of rapamycin (mTOR), is well known to be involved in a variety of BPs, and it has been reported that hyperactivation of mTOR has a pathogenetic role in human immunodeficiency virus infection (44) (45) (46) . Due to the important role of the AKT (48, 49) . Anti-retroviral protease inhibitors have been re-purposed as inhibitors of the PI3K/AKT/mTOR pathway, and such drugs that are also available as a generic and cheap formulation may be immediately available for testing in patients with LTBI (50) . Studies have also indicated on upregulated activation of the PI3K/AKT/mTOR pathway in autoimmune diseases, including multiple sclerosis and liver fibrosis (51, 52) . It has been demonstrated that the PI3K/AKT signaling pathway is inhibited in patients with active TB (53, 54) . However, there is no direct evidence indicating PI3K/AKT signaling pathway alterations in patients with LTBI. 'Protein digestion and absorption' was the most significant pathway. These signaling pathways constitute important potential mechanisms underlying the processes of LTBI and merit further validation.
In conclusion, the present analysis identified hsa-miR-500a-3p and hsa-miR-29a-3p, as well as 4 target genes CDC42, ACTA1, PTEN and FOS, which may be used as potential biomarkers of LTBI. The PI3K/AKT signaling pathway is the key genetic event implicated in LTBI, and an in-depth investigation of the efficiency of PI3K/AKT signaling inhibitors in the prevention of LTBI is warranted. The novel key factors and molecular pathways provided in the present study may contribute to the current understanding of LTBI and may facilitate the development of a molecular diagnostic platform for its detection.
